The nucleotide sequence of a region of DNA 30 kb from the right end of the orf virus genome has been determined. Examination of the sequences revealed an open reading frame encoding a 10K peptide with significant amino acid homology to the 14K 'fusion' protein reported in vaccinia virus. The orf virus sequence has a 31% identity with the vaccinia virus protein, but a higher level of homology of core predicted residues. The secondary structure of both proteins is also similar. The occurrence of the TAAAT sequence upstream from the initiation codon indicates that the sequence is likely to be transcribed late in infection.
Orf virus causes a contagious pustular dermatitis in sheep and goats, and by adventitious contact, man. Infection is generally self-limiting and the lesions tend to be localized: the pustule-like dermatitis and resultant scab formation clear in about 6 weeks (for general review see Robinson & Balassu, 1981) . In comparison with vaccinia virus little is known about the molecular biology of orf virus.
The 137 kbp genome of orf virus, strain NZ2, has been extensively mapped with restriction endonucleases and cloned to form a plasmid library . In a comparison of different orf virus strains from New Zealand , a region of pronounced sequence variability had been noted in the right end (previously designated the left end, see below) of the genome using restriction endonuclease analysis. Further, a region of the NZ2 genome contained within the two fragments HindlII I and HindIII J did not hybridize with DNA from a number of other strains. The work reported here was initiated to characterize this region of the NZ2 genome at the nucleotide level and to determine, if possible, the reasons for the lack of similarity with other orf virus strains.
For sequencing, the genomic fragments of orf virus NZ2, HindlII I in pUC8 (pVU17) and HindlII E (pVU31) , were released by incubation with HindlII, electrophoresed, recloned into M 13mp 18 and -19 and nucleotide sequences determined. Converting the sequence of HindlII I into amino acid sequences in all six reading frames yielded uninterrupted sequences in two frames. A search for related sequences using the Daresbury PIR database showed that only one 00014)010 © 1991 SGM of the sequences had significant homology. The deduced amino acid sequence starting from the right end of HindIII I resembled the C-terminal half of the 14K protein of vaccinia virus strain WR that has been associated with cell fusion (43.6% identity in a 39 amino acid overlap). It should be noted here that the orientation of the NZ2 genome has been reversed to that published in Mercer et al. (1987) in order to align the map with the vaccinia virus genomic map and based on homologies emerging between orf virus genes and vaccinia virus genes (Mercer et al., 1989; S. B. Fleming, J. Blok, K. M. Fraser, A. A. Mercer & A. J, Robinson, unpublished results; this manuscript) . To obtain the N-terminal half, both ends of the genomic fragment HindIII E were sequenced. The amino acid sequences in all reading frames at both ends were deduced and one sequence showed strong homology within the N-terminal portion of the vaccinia virus 14K protein. This frame was inphase with and adjacent to the 14K-like sequence found previously in the HindIII I fragment.
To ensure that no nucleotide had been missed, e.g. by the juxtaposition of two HindIII sites giving rise to a fragment too small to be detected by agarose gel electrophoresis, the gene was amplified by the polymerase chain reaction (PCR) (Saiki et al., 1985) from the same genomic region in a cloned EcoRI D fragment (pVU1, Mercer et al., 1987) of orf virus NZ2. Oligonucleotide primers corresponding to the 5' terminus (5'AAGTCGACTATGGATGAAAAT 3') and complementary to the 3" terminus (5" CCTGCAGGATCC-TATCTAATATCTGCTGTA 3') were used in PCR. The PCR was carried out using AmpliTaq according to the supplier's recommendation (Perkin Elmer Cetus) in a dry heating block (Techne). A DNA product of PCR was visualized on an agarose gel, purified and cloned into the vector pUC8 for sequencing. The fragment contained the entire homologous sequence (Fig. 1) . Summation of the Mr values of the deduced 89 amino acids in the sequence gave a size of 10.028K (10K) for the polypeptide. The 14K 'fusion' protein of vaccinia virus was first detected by its reactivity to three monoclonal antibodies (MAbs) produced against sucrose-purified, u.v.-inactivated vaccinia virus virions (Rodriguez et al., 1985) . The protein was located in the envelope fraction of virions and the antibodies neutralized the virus infectivity in HeLa cells to various degrees although no differences were noted in their affinity for the protein. The antibody (MAb C3) that was most effective in neutralizing the virus was found to block virus uncoating rather than penetration or a step between penetration and uncoating. Using this MAb the 14K protein was found to be present in cowpox virus-and rabbitpox virus-infected cells (Rodriguez et al., 1985) , was also expressed in infected cell membranes, and inhibited cell fusion induced by a vaccinia virus mutant (87-4) selected from interferontreated Friend erythroleukaemia cells persistently infected with vaccinia virus WR. In addition the protein was found to form covalently linked trimers . Further, in persistently infected Friend cells in the absence of interferon, the apparent Mr of three structural proteins including the 14K protein increases by up to 3K and, together with deletions in the left end of the genome, this is associated with reduced plaque size and attenuation Paez et al., 1987) . Cloning a recombinant virus in which the gene is inducible, Rodriguez & Smith (1990) have examined further the fusion-like function of the protein and concluded that it is essential in fus'ng the outermost of the two Golgiderived membranes enveloping the virus with the plasma membrane, and in its subsequent release extracellularly.
The vaccinia virus gene has been mapped to the centre of the HindlII A fragment and sequenced . The calculated size of the polypeptide encoded was 12.5K, implying post-translational modification to account for the 14K size found after electrophoresis in polyacrylamide gels. There is one glycosylation site (NVT, positions 60 to 62) indicated in the vaccinia virus sequence and two adjacent Cys residues which are believed to be involved in cross-linking to form the trimeric structure.
Alignments of the 14K protein sequences of vaccinia virus with the orf virus 10K were performed and their significance was tested by the method of Lipman & Pearson (1985) . The orf virus sequence has a single major difference from the 14K protein of vaccinia virus in the absence of the vaccinia virus residues 28 to 51, so that the penalties reposition the N-terminal half to give identities up to 39.3 % The alignment of off virus with capripox virus KS-1 (Gershon et al., 1989) is also shown (32% identity). The results of the core prediction program (Nicholson, 1982) are shown underlined if in core, and with a zero if actually predicted non-core. The most favourable off virus :vaccinia virus core alignment occurs with the 31 ~ identity shown.
protein is 89 rather than 110 residues long. Another difference is the loss of the potential glycosylation site present in the vaccinia virus sequence (NVT, positions 60 to 62). However, the two adjacent cysteines, believed essential to function, are conserved. The stronger similarity of the C-terminal halves suggests that this region may have been conserved to preserve interaction sites or other essential functions. The optimum alignment created three deletions in the orf virus 10K protein and is contained within the 110 residues of the vaccinia virus 14K protein giving a homology of 37-3 ~ (Fig. 2) . If only a single gap is allowed, this drops to 31.4~ and with five gaps (one of which is in the vaccinia virus sequence) rises to 39.3~. Gershon et al. (1989) have previously found a sequence similar to the vaccinia virus protein in capripox virus and this alignment is also shown in Fig. 2 . It can be seen that the capripox virus sequence is considerably larger than that of both orf and vaccinia viruses with an extra block of 26 residues at the aminoterminal end and another seven preceding a block of residues conserved between the three sequences. Two further tests of relatedness can be made, by secondary structural feature alignment and by core prediction. Core residues are residues with hydrophobic side-chains which comply with a mathematical definition of 'core' (Crampin et al., 1978) , but loosely may be taken as forming the substantially internal hydrophobic core of a globular protein. The secondary structure of the 89 residue length orf protein when compared with the 110 residue vaccinia virus protein gives similar profiles particularly in the C-terminal region which in both consists of a long helix with turns at either end. Proceeding towards the N terminus a two-turn helix present only in the vaccinia virus sequence is replaced by a strand and turn in the orf virus sequence. These structures are preceded in both viruses by a helix. The Nterminal regions of both sequences consists largely of coil regions leading into strand (orf virus) or helix (vaccinia virus), and then into the helix-turn-helix in vaccinia virus which is deleted in orf virus. Clearly, for membrane-associated proteins such as the 10K and 14K proteins environmental constraints may modify the spatial position of residues. However, for the present purpose of demonstrating similarity, the occurrence of amino acids constituting a subclass in the same relative position in the three sequences demonstrates an additional similarity and confirms the alignment. Thus of the 14 'core-predicted' residues of the orf virus protein, five correspond in their position in the sequence with corepredicted residues in capripox or vaccinia viruses, and seven correspond with both viral proteins (12 in all).
The DNA sequence flanking the orf virus 10K open reading frame (ORF) was scanned for an AT-rich region 5' to the initiation codon (Fig. 1, nucleotides 25 to 50) which closely resembles in composition the regions preceding late genes in vaccinia virus, and which are required for transcription (Rosel et al., 1986; Lee-Chert & Niles, 1988; Schmitt & Stunnenberg, 1988; Davison & Moss, 1989) . There is no 5' TAAATG 3' motif immediately preceding the 10K orf virus gene as is the case with the 14K vaccinia virus gene. Instead a TAAAT sequence (nucleotides 45 to 49) is found 39 bases upstream from the putative initiation codon and a TAAAAT 10 nucleotides further upstream. This is not unprecedented in poxviruses as TAAAT motifs functioning as late promoter sites have been found some distance upstream of the initiation codon of some vaccinia virus genes (Lee-Chert & Niles, 1988) . No TsNT sequence, which has been found to direct transcriptional termination of early genes in poxviruses (Rohrmann et al., 1986; Yuen & Moss, 1987) , is found within the terminus of the 10K ORF nor within the 39 nucleotides downstream, consistent with the 10K ORF being a late gene. However, the sequence 5' TTTTTCT Short communication 
